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Abstract
The present paper provides a technical overview about the most relevant vehicular communication technologies including IEEE 802.11p, 
IEEE 802.11bd, LTEV2X and NRV2X. IEEE 802.11p is the most matured one Wi-Fi based technology, and its successor, the IEEE 802.11bd 
is expected to be released in 2021. As CV2X (Cellular Vehicle to Everything) technologies, LTEV2X (Long Term Evolution V2X) and 
NRV2X (New Radio V2X) are discussed in this paper. The former one is already available, while the latter one’s final specification will 
be finalized in 2020 by the 3GPP (Third Generation Partnership Project). These four technologies also motivate the already started 
transformation of vehicle industry by enabling basic safety features and more efficient traffic management, as well as cooperative 
maneuver execution towards high-level automated driving. The comparison of these technologies is essential to clarify their benefits 
completely. These technologies are considered as competitors, however, it is expected that they will coexist in the same geographical 
region. Thus, they will share on the same unlicensed frequency bands in 5.9 GHz domain. Therefore, different coexistence scenarios 
are also discussed in the paper to see how their advantages could be utilized.
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1 Introduction
In the recent decades, the ICT sector has been gone through 
a remarkable evolution and it infiltrated in each aspect 
of our lives. That also includes the automotive industry, 
where the safety of passengers and other participants of 
transport are crucial. The vehicular communication tech-
nologies incorporate a new level of cooperation between 
the aforementioned industries. They promise not just safe, 
but more efficient and comfortable transport towards the 
fully automated and connected vehicles.
In the last ten years, significant efforts have been put 
in the development of V2X (Vehicular to Everything) com-
munication technologies. Thanks to several European Union 
funded projects (C-Roads, 2020) more and more roads are 
equipped with communication units, as well as car manu-
facturers have noticed the importance of such technology 
and started to integrate communication devices in their cars 
(Butler, 2019; Toyota, 2018; Volkswagen, 2017).
The two major groups of vehicular communication tech-
nologies that are discussed in this paper are the WiFi based 
and Cellular V2X (CV2X) based solutions. The former one 
is mostly referred as the IEEE 802.11p, but soon its suc-
cessor will be also available known as IEEE 802.11bd. 
The latter group includes the Long Term Evolution V2X 
(LTEV2X) specified as part of the fourth generation and 
the New Radio V2X (NRV2X) as part of the fifth gener-
ation mobile communication standard elaborated by the 
Third Generation Partnership Project (3GPP).
The IEEE 802.11p is released in 2010, therefore, its rel-
atively long history includes numerous simulation and 
field trial results worldwide. The LTEV2X is more recent, 
thus, it applies advanced solutions in its physical layer 
(PHY) compared to the IEEE 802.11p, but its perfor-
mance, reliability and scalability is not completely ver-
ified. Contrarily, the other two technologies are still not 
fully specified, but many details have already been avail-
able. In general, it can be stated that the new V2X tech-
nologies take over many sophisticated features from the 
state-of-the-art wireless communication technologies, 
i.e. from WiFi 5/6 and from New Radio, like numerology 
(changeable subcarrier spacing), 256-QAM modulation 
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scheme, Low-Density Parity-Check (LDPC) codes and 
MIMO (Multiple Input Multiple Output).
This paper is structured as follows. Section 2 pres-
ents the four aforementioned vehicular communication 
technologies organized into Subsections 2.1 to 2.4, while 
Subsection 2.5 contains the comparison of them and 
the related discussion. Section 3 surveys and investigates 
relevant coexistence scenarios. Finally, Section 4 con-
cludes the paper.
2 Overview of vehicular communication technologies
Section 2 describes the four relevant, WiFi and cellular 
based V2X communication technologies and compares them 
along their main parameters. To be more specific, the pre-
sented technologies implement the physical and the data 
link layers according to the Open Systems Interconnection 
model of International Organization for Standardization 
(ISO/OSI 7-layer model) (International Organization for 
Standardization / International Electrotechnical Comission, 
1994). The physical layer is responsible for transmitting and 
receiving the raw data between a communication equipment 
and a physical transmission medium. The PHY transforms 
the data represented as bits into radio signals and vice versa. 
The specifications of PHY of a wireless equipment define 
characteristics like channel access methods, maximum 
transmission distances, modulation schemes, channel cod-
ing methods, signal timing and frequency, etc. These param-
eters determine the physical data rates.
The data link layer provides direct data transfer, i.e. a 
link, between two communicating devices. Furthermore, it 
is responsible for error detection and/or correction capabil-
ities, i.e. it is able to detect and possibly correct errors orig-
inating from the physical layer. This layer is often divided 
into Logical Link Control (LLC) and Medium Access 
Control (MAC) sublayers. The main purpose of LLC is 
to identify and encapsulate upper, i.e. network layer proto-
cols, and to control error checking and frame synchroniza-
tion, while the MAC controls how the nodes of a network 
gain access to a medium and permission to transmit data.
Nevertheless, the V2X communication and the related 
standards are organized into a complex system that is 
slightly different depending on the geographical regions 
(Jakó et al., 2019). This paper focuses on the Cooperative 
Intelligent Transport Systems (CITS) protocol architec-
ture and the ITSG5 protocol stack defined by the European 
Telecommunications Standards Institute (ETSI). In this 
general architecture the Radio Access Technology (RAT) 
is not specified, thus each discussed V2X communication 
technology in the present paper is a candidate to transmit 
the data originating from higher layer protocols and from 
the applications. Therefore, the evaluation of these tech-
nologies has to take into consideration their role in this 
complex system, as well as the possible V2X applications 
with their characteristics.
2.1 IEEE 802.11p
The IEEE 802.11p was released in 2010 by the IEEE, thus 
it is the oldest and most used V2X communication tech-
nology nowadays. It is often referred as Wireless Access 
in Vehicular Environments (WAVE) or Dedicated Short-
Range Communications (DSRC). The IEEE 802.11p is 
an amendment of the traditional IEEE 802.11, more spe-
cifically its base is the IEEE 802.11a version. It inherits 
the Orthogonal Frequency Division Multiplexing (OFDM)-
based PHY, but the operation frequency slightly shifted 
to 5.9 GHz from 5 GHz, where spectrum with 10 MHz 
channels is allocated worldwide exclusively for V2X com-
munication. This means that the subcarrier spacing and 
bandwidth are halved that result in doubled symbol dura-
tion in case of IEEE 802.11p compared to IEEE 802.11a. 
Besides that, the duration of Cyclic Prefix (CP) was also 
increased to two times longer in order to offset larger delay 
spreads and make it more adequate for real mobile envi-
ronment. This setup of OFDM leads to 8 µs long symbol 
time and 156.25 kHz wide subcarrier spacing with 52 sub-
carriers. Like similar modern communication systems, 
the IEEE 802.11p uses adaptive Modulation and Coding 
Scheme (MCS) including Binary and Quadrature Phase 
Shift Keying (B/QPSK), 16- and 64-Quadrature Amplitude 
Modulation (QAM) schemes with Binary Convolutional 
Coding (BCC). The standard allows eight different MCS 
(IEEE Standard for Information Technology, 2016), and 
the actual MCS used for communication is selected accord-
ing to the instantaneous quality of the wireless channel. 
Note that, each other presented technology provides such 
mechanism as well, however, the modulation types and 
coding methods are slightly different.
Furthermore, IEEE 802.11p PHY is divided into two 
sublayers, and reuses the same reference and preamble 
signal pattern for channel estimation and synchroniza-
tion described by IEEE 802.11a. The Physical Medium 
Dependent (PMD) sublayer is considered as an interface 
to the physical transmission medium. Meanwhile the 
Physical Layer Convergence Protocol (PLCP) sublayer is 
responsible for communicating with the MAC layer and 
transforming the Packet Data Unit (PDU) from the MAC 
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layer to an OFDM frame. The PLCP Packet Data Unit 
(PPDU) contains a preamble and signal field and a payload 
part that carries the useful data. The preamble indicates 
the beginning of the physical frame. It is applied for select-
ing the proper antenna and correcting the frequency and 
timing offset. The preamble field carries training symbols: 
ten of that are short and are used for establishing automatic 
gain control, diversity selection and the coarse frequency 
offset estimate of the carrier signal; the remaining two 
are long training symbols that are applied by the receiver 
for channel and fine frequency compensation estimation.
Based on the listed characteristics, IEEE 802.11p allows 
transmission rates from 3 to 27 Mbps, and the outdoor 
transmission distance is at most 1000 m depending on the 
geographical environment.
Finally, the operation of MAC layer was also adapted 
to the specific needs of vehicular communication. 
The MAC still applies Carrier Sense Multiple Access with 
Collision Avoidance (CSMA/CA), but there is no expo-
nential back-off, like in case of the original WiFi medium 
access mechanism, i.e. the parameter Contention Window 
(CW) remains fixed in order the avoid large CW sizes that 
could lead to high latencies. In addition, due to the broad-
cast-based application of V2X, there is no acknowledge-
ment mechanism implemented in IEEE 802.11p.
2.2 IEEE 802.11bd
As new CITS applications emerge and their usage field 
start to shift from the reactive domain, like notification 
based perception and basic safety applications, to the 
proactive domain, e.g. cooperative maneuver execu-
tion, IEEE 802.11p is not able to cope with the increas-
ing demands such as higher throughput, lower and con-
stant latency, as well as with the increasing traffic density. 
Thus, the IEEE started to develop a new, improved vari-
ant of IEEE 802.11p known as IEEE 802.11bd in 2018. 
Its expected release date is 2021; however, its main fea-
tures are already foreseen.
Beside the mentioned demands, several IEEE 802.11p 
related requirements have been defined including interop-
erability, coexistence, fairness and backward compatibil-
ity (Sun, 2019b).
As the basis of IEEE 802.11p is the IEEE 802.11a, 
the characteristics of IEEE 802.11bd originates from 
IEEE 802.11n/ac/ax also known as WiFi 4/5/6 accord-
ing to the new naming conventions. Thanks to this, 
IEEE 802.11bd is prepared to operate on both 10 and 
20 MHz bandwidth. However, this inheritance brings sev-
eral design decisions as well, such as the application of 
midambles. Its function and form are similar to the pre-
amble except for their location within the frame. The pre-
ambles are located at the starting of the frame (PPDU), 
and are used for initial channel estimation, while the mid-
ambles are inserted inside a frame to provide continuous 
channel estimation. The real benefit of midambles come 
forth in fast-varying radio channel that is typical in vehic-
ular environment. It is envisaged that the periodicity of 
midamble insertion will probably depend on modulation, 
Doppler spread and other similar parameters. Note that the 
DeModulation Reference Signal (DMRS) symbols play 
similar role in CV2X systems.
Furthermore, to increase the reliability of the commu-
nication, IEEE 802.11bd will support one or more retrans-
mission of a message. Like other state-of-the-art wireless 
communication technologies, numerology of OFDM is 
introduced as well. It allows to change the subcarrier spacing 
and by that the symbol duration according to the radio envi-
ronment (Rui et al., 2018). The possibilities are 2, 4, 8 times 
down-clock with 64, 128, 256 subcarriers resulting in 312.5, 
156.25 and 78.125 kHz subcarrier distances respectively.
Another new feature is the Dual Carrier Modulation 
(DCM) technique originating from IEEE 802.11ax. 
It takes advantages of frequency diversity by transmitting 
same symbols twice over sufficiently far-apart subcarri-
ers (Dongguk et al., 2019). Consequently the modulation 
order have to be increased (e.g. from BPSK to QPSK, or 
from QPSK to 16-QAM) to achieve the same through-
put. Regardless of the modulation order increase, DCM 
is capable of improving the block-error-rate (BLER) per-
formance. Additionally, DCM has been implemented 
for range extension in IEEE 802.11ax that can be similarly 
utilized in case of IEEE 802.11bd as well.
As general characterization of the PHY of 
IEEE 802.11bd, it will use B/QPSK, 16-, 64- and 256-
QAM modulations with LDPC codes resulting in ten 
MCS. Furthermore, multiple antennas will be applicable 
at both the receiver and transmitter side for spatial diver-
sity or spatial multiplexing to increase the reliability or 
the throughput (Hongyuan et al., 2018).
Finally, there are further improvements foreseen 
in IEEE 802.11bd such as multi-channel operations (MCO) 
and usage of millimeter wave (mmWave) frequency bands 
that are not discussed here. More details are available 
in Naik et al. (2019).
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2.3 LTEV2X
One of the CV2X technologies is the LTEV2X that has 
been specified in Release 14 by the 3GPP. It provides 
Device-to-Device (D2D) transmission using the LTE's 
radio interface. D2D or Sidelink communication is part 
of earlier Release 12, and defines a new interface that is 
called PC5, besides the original LTEUu interface. PC5 has 
four different Transmission Modes (TM). From vehicu-
lar communication's point of view, Mode 3 and 4 are rel-
evant. These modes introduce low-latency data transfer, 
improved support for higher velocity and a new distributed 
channel access mechanism. Mode 3 delegates the resource 
allocation to the cellular network, i.e. to the eNodeB, thus 
cellular coverage is necessary in this case. Contrarily, 
in Mode 4 the devices autonomously choose their radio 
resources using a distributed scheduling technique sup-
ported by congestion control methods. Therefore, Mode 4 
is usually considered the baseline mode, and it makes 
LTE-V2X as another option to IEEE 802.11p. To avoid 
the high PAPR of the OFDM, LTEV2X reuses the LTE's 
uplink communication scheme known as Single-Carrier 
Frequency-Division Multiple Access (SCFDMA), and 
supports adaptively QPSK, 16- and 64-QAM modulations 
(the latter one is introduced in Release 15) with turbo cod-
ing. These are inherited from the normal LTE radio inter-
face, as well as the 15 kHz subcarrier spacing that pro-
vides even better robustness against channel distortions 
in mobile environment compared to the 156.25 kHz of 
the IEEE 802.11p. Furthermore, the granularity of radio 
resources is also higher allowing more flexible resource 
allocation. Altogether, the PHY of LTEV2X is more 
advanced compared to IEEE 802.11p.
2.4 NRV2X
The cellular standardization activities did not stopped at the 
LTE, 3GPP released the fifth generation mobile communica-
tion technology in 2019 known as New Radio. The Release 
15 defines a new radio interface for the wireless communica-
tion, as well as it considers different application areas, such 
as enhanced Mobile Broadband (eMBB) and Ultra Reliable 
Low Latency Communications (URLLC), and use cases 
like V2X communication. However, this release extensively 
specifies the eMBB, URLLC and vehicular communication 
related details are expected in Release 16.
Note that the NRV2X is designed to supplement 
LTEV2X not to replace it by allowing such V2X appli-
cations that are not supported by LTEV2X. It is envis-
aged that these two will coexist and newer vehicles will be 
equipped with both technology (Vodafone, 2018).
According to the philosophy of 5G mobile network, 
NRV2X is designed to cover a wide range of transmission 
requirements. It supports V2X applications with varying 
degrees of throughput, latency and reliability demands 
such as use cases requiring transmission of periodic traf-
fic, or reliable delivery of aperiodic messages. To pro-
vide more flexible usage two new communication types, 
i.e. unicast and groupcast, will be introduced in NRV2X. 
Furthermore, the utilization of mmWave bands are also 
considered, however, this feature is expected to be elabo-
rated in later releases (probably in Release 17).
Like LTEV2X, NRV2X operates on sidelink, and 
there are two modes envisaged. NRV2X Mode 1 and 2 
have the same characteristics as LTEV2X Mode 3 and 4. 
In Mode 1, the resource allocation is the responsibility of 
gNodeB, thus cellular coverage is required. However, the 
communication takes place directly between the devices. 
Contrarily, no gNodeB coverage is necessary for Mode 2. 
It will provide similar mechanisms for resource allocation 
than LTEV2X. Furthermore, Mode 2 will have several 
sub-modes. They are not completely designed, but the aim 
of such distribution of functionality is the higher flexibil-
ity required by wide range of V2X use cases.
Regarding the physical layer of NRV2X, it inherits 
its features from New Radio with V2X specific enhance-
ments. NR supports both OFDM (for high throughput 
efficiency) and Discrete Fourier Transform spread OFDM 
(DFTsOFDM) (for low link budget devices) for uplink 
transmissions. It is capable of operating two frequency 
ranges: sub-6 GHz and mmWave (this will be further 
elaborated in later releases as mentioned). It also utilizes 
the benefits of scalable OFDM numerology. Thus, 15, 
30 and 60 kHz subcarrier spacing are defined for sub-6 
GHz, while 60 and 120 kHz are specified for frequency 
bands higher than 6 GHz. The use of higher subcarrier 
spacings helps reducing latency. In addition, the frame 
structure is also improved compared to LTE that results 
in an even more flexible resource allocation. In New 
Radio a slot contains 14 OFDM symbols, but a sub-frame 
includes different number of slots depending on the sub-
carrier spacing. Radio resources can be dedicated per 
slot unlike LTE, where the minimum Transmission Time 
Interval (TTI) is one sub-frame, i.e. one millisecond. 
For further latency reduction, NR also enables to trans-
mit data using only 2, 4 or 7 OFDM symbols, called as 
mini-slot, without any slot boundaries. It is expected that 
multiple antennas will be applicable at both the receiver 
and transmitter side for spatial diversity or spatial mul-
tiplexing to increase the reliability or the throughput. 
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Finally, NRV2X supports QPSK, 16-QAM, 64-QAM 
modulation schemes with LDPC codes for user data 
transfer and Cyclic Redundancy Check (CRC) assisted 
polar codes for control data transmission.
2.5 Comparison of radio access technologies
To conclude Subsection 2.1-2.4, Table 1 lists the charac-
teristics of the presented V2X technologies. The neces-
sity of these communication solutions is unquestionable 
to achieve much safer and efficient transportation sys-
tem. However, the limitations of IEEE 802.11p are already 
reached particularly in high density traffic situations, 
as well as by the introduction of newer and newer V2X 
applications. Even though, LTEV2X is more advanced 
from both PHY and MAC aspects, it is also not able to 
cope with the increased demands by itself. These two 
already available technologies are perfectly fit for basic 
safety applications. Nevertheless, the next generation 
communication solutions, i.e. NRV2X and IEEE 802.11bd 
will enable more advanced applications towards fully 
automated vehicles, such as cooperative maneuver execu-
tion. Note that there are still some open questions regard-
ing the details, since these are not completely specified 
at the time writing of this paper.
3 Coexistence scenarios of V2X communication 
technologies
Section 3 describes different coexistence scenarios of vehic-
ular communication technologies. The most relevant scenar-
ios are grouped into subsections and discussed separately.
3.1 Coexistence of IEEE 802.11p and IEEE 802.11bd
As mentioned, there are requirements that have to be 
taken into account during the design of IEEE 802.11bd 
(Sun, 2019b):
• interoperability, i.e. IEEE 802.11p capable radio 
transceivers have to be able to recognize (minimum 
one mode of) transmissions from 802.11bd equip-
ment, and vice-versa; 
• fairness, i.e. IEEE 802.11bd and its predecessor have 
to get equal channel access possibilities in co-chan-
nel scenarios; 
• coexistence, i.e. IEEE 802.11bd have to be capable of 
recognizing IEEE 802.11p transmissions and post-
pone channel access, and vice-versa; 
• backward compatibility, i.e. minimum one mode 
of IEEE 802.11bd have to be interoperable 
with IEEE 802.11p.
Of course, these requirements affect each other, and 
the details of the operation of IEEE 802.11bd are still under 
discussion. Nevertheless, it seems obvious that in such cases 
when devices using both WiFi based technologies operate 
co-channel in the same geographical area, IEEE 802.11bd 
equipment should send all frames according to IEEE 802.11p 
frame structure. Thus, a method have to be elaborated for an 
IEEE 802.11bd device to be able to advertise its capabilities 
to other IEEE 802.11bd devices. Otherwise, it would happen 
that even after there is no IEEE 802.11p equipment nearby, 
IEEE 802.11bd devices continue to transmit messages 
in IEEE 802.11p frame format. A proposed solution 
Table 1 Comparison of V2X communication technologies
Feature IEEE 802.11p IEEE 802.11bd LTEV2X NRV2X
Radio bands of operation 5.9 GHz 5.9 GHz and 60 GHz 5.9 GHz 5.9 GHz
Operation bandwidth 10 MHz 10/20 MHz Flexible: 1.4/5/10/20 MHz
Flexible: 
sub-6 GHz: max. 100 MHz 
mmWave: max. 400 MHz
Waveform OFDM OFDM SCFDMA OFDM/DFTsOFDM
Subcarrier spacing 156.25 kHz
78.125 kHz, 156.25 kHz, 
312.5 kHz
15 kHz
sub-6 GHz:15, 30, 60 kHz 
mmWave: 60, 120 kHz
Supported modulations
BPSK, QPSK, 16-QAM, 
64-QAM
BPSK, QPSK, 16-QAM, 
64-QAM, 256-QAM
Rel. 14: QPSK, 16-QAM 
Rel. 15: 64-QAM
QPSK, 16-QAM, 64-QAM
Channel coding BCC LDPC Turbo codes Data: LDPC 
Control: Polar with CRC
Number of MCS 8 10 > 20 > 20
Spatial streams One Multiple Multiple Multiple
Re-transmission None Congestion dependent Blind HARQ
Channel estimation Preambles only Preambles and midambles DMRS: 4/sub-frame DMRS: flexible
Comm. types (PHY layer) Broadcast Broadcast Broadcast
Broadcast, Groupcast, 
Unicast
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to avoid such situations is to use a flag at MAC layer level 
that indicates the availability of IEEE 802.11bd to other 
IEEE 802.11bd capable devices (Sun, 2019a).
3.2 Coexistence of LTEV2X and NRV2X
The coexistence between IEEE 802.11p and IEEE 802.11bd 
can be considered to be solved, because IEEE 802.11bd 
is designed to be coexist and backward compatible with 
IEEE 802.11p. However, the approaches for the coexistence 
of NRV2X and LTEV2X are different, since the backward 
compatibility between the two CV2X technologies is not 
available; therefore only non-co-channel coexistence scenar-
ios are considered (Vodafone, 2018). Two possible scenar-
ios were reported in Qualcomm Inc. (2018). The Frequency 
Division Multiplexing scenario is advantageous because 
the time synchronization is not necessary between the two 
radio modules. The drawback of FDM is that if LTEV2X 
and NRV2X modules operate at close bands, their transmis-
sion will likely impair the reception of the other module. 
The FDM based approach can also face regulatory transmis-
sion restrictions, if both modules operate in the 5.9 GHz band. 
The issues related to these restrictions might be handled with 
the prioritization of the radio modules. On the other hand, 
the Time Division Multiplexing (TDM) scenario prohibits 
transmission on the two radio modules simultaneously using 
strict time synchronization. This solution also uses two sep-
arate channels. Thus, its benefit is to enable the maximum 
acceptable transmission power on each radio modules, but it 
introduces additional latency that is not acceptable in some 
use cases. If using adjacent channels, the half-duplex prob-
lem is also present in the TDM approach.
3.3 Coexistence of LTE and WiFi
For the extensive investigation, it is worth to take a look 
on the already existing coexistence solutions between 
LTE and WiFi.
In Naik et al. (2018), the authors provided a comprehen-
sive survey of the possible coexistence scenarios in the 
5 GHz bands. There are many different wireless technolo-
gies, which operate in this frequency band, e.g. LTE, WiFi, 
radar systems, Dedicated Short Range Communication 
(DSRC) system, and these technologies can interfere each 
other especially if the used bands overlap or are the same.
Since the channel access methods used by WiFi and LTE 
are fundamentally different, the fairness of channel usage 
in the unlicensed frequency bands by Wi-Fi devices could 
be harmed. LTE is a cellular technology, thus the sched-
uling is centralized and controlled by base stations, i.e. 
eNodeBs; however, in Wi-Fi networks the channel access 
method is distributed. In the LTE case, the eNodeB defines 
which equipment can use the channel and when. Contrarily, 
in WiFi case, each device has to listen the channel before 
starting a transmission. As a result, it is expected that when 
WiFi based technology and unlicensed LTE operate within 
the same ITS frequency band, LTE will shrivel WiFi capable 
devices. In Cavalcante et al. (2013) and in Zhang et al. (2015), 
the authors showed by simulations that the WiFi system 
throughput can be degraded by up to 68 %, if an LTE system 
also operates in the same frequency.
There are two categories of LTE methods that oper-
ate in unlicensed frequency band. One is the license-an-
chored, and the other is the non license-anchored method. 
In the former case, such as LTE-Unlicensed (LTEU) 
and Licensed Assisted Access (LAA), the primary car-
rier, referred to as the anchor, uses licensed portions of 
the spectrum. The secondary carriers can operate in the 
5 GHz unlicensed spectrum. In this case, the control 
channels and data that require certain QoS parameters 
are transmitted on the primary carrier. However, in unli-
censed non licensed-anchor systems, both control and data 
traffic are carried by the unlicensed frequency.
Currently, four different LTE technologies exist that are 
able to operate in the 5 GHz unlicensed bands.
LTE in Unlicensed Spectrum or LTE-Unlicensed is 
proposed by Qualcomm and Ericsson in 2013. LTEU relies 
on 3GPP Release 10-12 functionality, with specifications 
defined by the LTEU Forum. This technology does not sup-
port the so-called Listen-Before-Talk (LBT) mechanism.
License Assisted Access (LAA) was standardized 
in 3GPP Release 13. Contrarily to LTEU, LAA is expected 
to use the LBT method, since it required by regulatory 
organizations in Europe and Japan. More alignment is 
necessary in licensed LTE compared to LTEU systems 
to satisfy this demand for LBT.
LTEWLAN Aggregation (LWA) was approved as an 
LTEWLAN Radio Level Integration and Interworking 
Enhancement in 2015, and it was standardized in 3GPP 
Release 13 in 2016. Like the previous ones, LWA is 
a licensed-anchor based system, as well. Nevertheless, 
this technology uses the WiFi PHY and MAC mechanisms 
for LTE data transmissions. Thus, the aforementioned 
fairness issues between LTE and WiFi is handled.
MulteFire is more recent LTE feature, it does not 
require an "anchor" in the licensed spectrum. The first 
specification was released in 2017, which is based on 3GPP 
Releases 13 (for downlink) and 14 (for uplink). This tech-
nology uses such a protocol for accessing medium that is 
based on the LBT scheme.
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3.4 Coexistence of CV2X and WiFi based technologies
The physical layers of WiFi based, i.e. ITS-G5, and CV2X 
technologies are different, as well as they applies differ-
ent medium access control protocols, thus the operation 
of them in the 5.9 GHz frequency band at the same geo-
graphic region would result in mutual harmful co-channel 
interference. In order to reduce this interference in short 
term, a possible solution is adjacent channel sharing by the 
definition of so-called preferred channels to ITSG5 (5895–
5905 MHz) and CV2X (5875–5885 MHz). This simple 
spectrum sharing method proposed by 5G Automotive 
Association (2018) is based on technology recognition and 
dynamic ITS channel selection. The implementation of 
the proposed technique contains three steps. In every step, 
each of WiFi based and CV2X systems are able to support 
safety-related ITS services without interfering each other. 
The amount of usage of the spectrum resource is the main 
difference between the steps. The biggest advantage of 
this solution is the simplicity, but the proposed detect-and-
vacate method has to be further elaborated and specified.
4 Conclusion
In this paper, the current and future V2X communication 
technologies were overviewed and the most recent infor-
mation of the latter ones was summarized. Then, they 
were compared along their main parameters. Since the 
IEEE 802.11p is a decade old, it is the most investigated 
system; however, the LTEV2X was released in the recent 
years and got in the focus. It has more advanced PHY and 
MAC layers compared to IEEE 802.11p, but it has its lim-
itation due to the SPS scheme in Mode 4, while Mode 3 
requires coverage by an eNodeB. It has to be mentioned 
that although the standard is available, it is not yet widely 
deployed in practice. The two future technologies prom-
ise higher performance compared to both the IEEE 802.11p 
and the LTEV2X that will enable higher-level cooperation 
of traffic participants and of the infrastructure.
Note that the discussed technologies are often compared 
suggesting that they are competitors. However, they will 
eventually coexist, and must be considered as complemen-
tary systems, thus all of them have to be used according their 
benefits in our opinion. Therefore, as future work, the coex-
istence of these technologies has to be further elaborated 
to be able to fully utilize the potential of CITS applications.
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